Coencapsulation with Sertoli-enriched testicular cell fractions prolongs islet graft survival time compared with islet encapsulation alone in a highly discordant tilapia (fish)-to-mouse xenotransplantation model. Here we investigate whether Fas ligand (Fas-L) expression by testicular Sertoli cells is responsible for this additional protective effect. Sertoli-enriched testicular cell fractions (7 × 10 6 cells) harvested from either Fas-Ldefective (group I) or Fas-L-positive (group II) mice were coencapsulated in alginate gel spheres with fish islets and then transplanted into streptozotocin-diabetic Balb/c recipients. Group III mice received encapsulated islets without coencapsulated Sertoli cells. After transplantation, blood glucose levels were monitored three times per week. Mean graft survival times for the three groups were: group I = 35.6 ± 10.2 days (n = 9), group II = 31.3 ± 9.4 days (n = 7), and group III = 23.3 ± 2.2 days (n = 6) (ANOVA, p = 0.043). Coencapsulation, regardless of the Fas-L status of the Sertoli cell donors, modestly prolonged graft survival. There was no significant difference between Fas-L-deficient and Fas-L-positive donors. Our results suggest that Fas/Fas-L interaction is not responsible for the additional protection afforded to encapsulated discordant islet xenografts by coencapsulation with Sertoli cells.
INTRODUCTION
have direct contact with reactive T-cells, this approach also proved effective. Based upon Selawry's early work, which demon-Our laboratory has developed and characterized a strated that the cryptorchid testis provides an immune highly discordant islet xenograft model utilizing tilapia, privileged site for islet allo-and xenografts in rats, seva large tropical teleost fish, as islet donors. The advaneral investigators have shown that cotransplantation of tages of this model relate to the ease of islet procuretesticular-derived Sertoli cells prolongs islet allograft ment as these fish have large anatomically discrete islet and xenograft survival (2,5,7). There is some compelling organs that, unlike adult mammalian islets, do not reevidence that Fas ligand (Fas-L) expression, which plays quire expensive fickle islet isolation procedures. Anan important role in the downregulation of immune reother advantage is that tilapia islet xenografts function sponses by inducing apoptosis of reactive lymphocytes, immediately after transplantation and, unlike the easily is crucial in these models (3,7). However, in all of these harvested and popular fetal/neonatal pig proislets, do not studies, close association between the Sertoli cells and require further maturation in the host [reviewed in the cellular grafts was required to obtain the immune Wright and Pohajdak (8)]. We have previously shown protective effect. In these studies, Sertoli cells were cothat encapsulation in uncoated calcium-alginate gel mitransplanted with islet grafts under the kidney capsule; crospheres prolongs mean islet xenograft survival in our therefore, cotransplanted Sertoli cells had direct contact highly discordant tilapia-to-Balb/c mouse islet xenotranwith infiltrating T-cells. In 1998, Korbutt et al.
(1) resplantation model, but that adjuvant low-dose immunoported the results of a radically different approach in suppression is required to obtain uniform long-term graft which the Sertoli cells were encapsulated with islets survival (9). (i.e., coencapsulation) and then allotransplanted IP in Recently, we tested whether coencapsulation would rats; surprisingly, even though the Sertoli cells did not be effective in our xenograft model and found that coen- capsulation with Sertoli-enriched testicular cell fractions tion with Sertoli-enriched testicular cell fractions. This does not imply that Fas-L expression by Sertoli cells is significantly prolongs islet xenograft survival time compared with islet encapsulation alone, even in this highly not important in the cotransplantation models described above, but rather that it does not play a role in coencap-discordant xenograft model (10) . In the present study, we investigate whether Fas-L expression by testicular sulation models. This seems logical as, in the absence of direct contact between Fas-L-expressing Sertoli cells Sertoli cells is responsible for this additional protective effect. and reactive lymphocytes, it was necessary to invoke more imaginative mechanisms involving soluble Fas-L MATERIALS AND METHODS diffusing through the capsule to reach and then induce As in the prior study (8), tilapia islets were harvested, apoptosis of the surrounding immunoreactive cells (10) . broken into mammalian islet-sized fragments, and cul-It is well known that Sertoli cells, whose normal tured overnight. Sertoli-enriched testicular cell fractions function in the intact testis is to serve as "nurse" cells (approximately 7 × 10 6 cells) harvested from either male for developing germ cells, produce a wide variety of Fas-L-defective gld mice [B6Smn.C3H-Tnfs6 gld is a mutant nutritive, trophic, immunomodulatory, and other regulastrain that expresses a nonfunctional Fas-L (Jackson tory compounds. Therefore, it is, perhaps, not surprising Lab, Bar Harbor, ME)] or from male normal (i.e., Fasthat more than one of these may promote islet graft sur-L-positive) C57BL/6 mice [i.e., the background strain vival or function and that some of these may function for the defective mice (Jackson Lab)] were coencapsuefficiently as soluble mediators. This interpretation is lated in calcium-alginate gel spheres with fish islets as consistent with recent findings in the spontaneously diapreviously described in detail (10) . Male Balb/c mice betic NOD mouse in which Sertoli cell isografts under (Harlan SD, Indianapolis, IN) made diabetic (i.e., nonthe right renal capsule prevented autoimmune destrucfasting blood glucose >400 mg/dl) by a single IV injection of islet isografts under the left renal capsule. In this tion of streptozotocin (200 mg/kg; Sigma, Mississauga, study, the protective effect correlated with Sertoli cell ONT) were used as recipients. Fish islets coencapsulated production of transforming growth factor β1 rather than with Sertoli cells from either source were then trans-Sertoli cell production of Fas-L (6) . Another recent planted IP into two groups of diabetic Balb/c recipients study has shown that coculturing adult rat islets with as previously described (10) . Another group of diabetic prepubertal rat Sertoli cells stimulated islet β-cell prolif-Balb/c mice received encapsulated islets without coeneration and function in vitro (4). This mechanism alone, capsulated Sertoli cells. After transplantation, blood gluif it is also operative in vivo, could easily explain procose levels were monitored three times per week and longed function of encapsulated islet allografts, as gradrejection was defined as two successive glucose meaual graft attrition due to hypoxia within the encapsulasurements >200 mg/dl. tion devices plays a pivotal role in the demise of encapsulated islets. However, it seems less likely that RESULTS such growth factor(s) would promote proliferation of Mean graft survival times (mGST) for the three highly discordant islet xenografts. groups were: group I (coencapsulation with Fas-L-de-In summary, it seems likely that the Sertoli cell is the fective Sertoli cells) = 35.6 ± 10.2 days (n = 9), group source of multiple factors that promote islet allo-and II (coencapsulation with Fas-L-positive Sertoli cells) = xenograft survival, but in coencapsulation models, Fas-31.3 ± 9.4 days (n = 7), and group III (alginate encapsu-L is not one of them. lation alone) = 23.3 ± 2.2 days (n = 6). The three groups 
